Resistance to Rhizoctonia solani Kuhn in Phaseolus vulgaris L. by Prasad, Krishna
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1971
Resistance to Rhizoctonia solani Kuhn in
Phaseolus vulgaris L.
Krishna Prasad
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Plant Pathology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Prasad, Krishna, "Resistance to Rhizoctonia solani Kuhn in Phaseolus vulgaris L." (1971). Retrospective Theses and Dissertations. 4500.
https://lib.dr.iastate.edu/rtd/4500
72-521+8 
PRASAD, Krishna, 1933-
RESISTANCE TO RHIZOCTONIA SOLANI KUHN 
IN PHASEOLUS VULGARIS L. 
Iowa State University, Ph.D., 1971 
Agriculture, plant pathology 
University Microfilms, A XEROX Company, Ann Arbor, Michigan 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED 
Resistance to Rhizoctonia solani Kuhn 
in Phaseolus vulgaris L. 
by 
Krishna Prasad 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirement for the Degree of 
DOCTOR OF PHILOSOPHY 
Major SubjectI Horticulture 
Approvedi 
Ir tharge of Major Wo/^ 
For the Majbr Department 
For the Graduate College 
Iowa State University 
of Science and Technology 
Ames, Iowa 
1971 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
PLEASE NOTE: 
Some Pages have indistinct 
print. Filmed as received. 
UNIVERSITY MICROFILMS 
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 2 
Mode of Infection 2 
Host-Pathogen Interaction 2 
Physiology of Resistance 7 
MATERIALS AND METHODS 10 
Screening for Host Resistance 10 
Physiology of Resistance 17 
RESULTS 24 
Screening for Resistance 2k 
Physiology of Resistance 34 
DISCUSSION AND CONCLUSIONS 8l 
SUMMARY 88 
LITERATURE CITED 91 
ACKNOWLEDGEMENTS yo 
APPENDIX: ANALYSIS OF VARIANCE OF DISEASE RATINGS 97 
1 
INTRODUCTION 
Disease incidence has always been a limiting factor in 
vegetable production. The soil borne pathogen, Rhizoctonia 
solani Kuhn. (Thanatephorous cucumeris) causes severe pre- and 
post emergence damping-off of many plant species of different 
taxa. The pathogen also invades the hypocotyl of the host 
below the soil line causing water soaked to dark brown lesions. 
Snap bean (Phaseolus vulgaris L.) is one of the several hosts 
of this widespread pathogen. Under extensive cultivation of 
susceptible crops, crop losses due to R. solani severely 
upset the economic return of the crop. Crop losses due to 
this pathogen may run as high as 90^. 
Failure or impracticality of chemical control of the 
disease caused by this pathogen on snap bean justifies the 
need for genetic resistance. The study of resistance to R. 
solani in Phaseolus vulgaris Ls was undertaken with the 
following objectives: 
(a) Evaluation of Phaseolus vulgaris L. for resistance 
to R. solani. 
(b) Physiology of resistance to R. solani in Phaseolus 
vulgari s L. 
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REVIEW OF LITERATURE 
Mode of Infection 
The mode of infection by Rhizoctonia solani (R. solani) 
has recently been a subject of several studies. Various aspects 
of development stages of infection cushion have been described 
and well documented by Fientje (15• l6), and Dodman and Walker 
(12). The formation of lobate appressoria was first described 
by Fientje (l6). Dodman and Walker (12) have reported in 
detail the formation of lobate appressoria as a common means of 
penetration. The pathogen produces infection cushions on the 
hypocotyl epidermis and penetrates the cuticle directly by 
means of infection pegs arising from the infection cushion. 
The infection pegs then enlarge to normal hyphae in the subcu­
ticular cavity. Further penetration is then either inter- or 
intracellular. Isolates producing appressoria may penetrate 
stomata without producing an infection structure. They (12, 
15î l6) have also observed that isolates forming dome-shaped 
cushions rarely penetrated stomata while those forming lobate 
appressoria commonly penetrated stomata. These isolates may 
respond to some factor that attracts hyphal tips toward stomata. 
In their preliminary studies (12), appressoria failed to 
develop on glass surfaces and collodion membranes either with 
or without exudates from susceptible host, 
Host-Pathogen Interaction 
Christou (8) reported that tissue invasion by the pathogen 
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provides considerable survival value for the pathogen• The 
host tissue may develop resistance to invasion by retarding 
further growth of the pathogen. This puts into operation the 
toxin- and enzyme- producing mechanisms, which provide the 
active parasitic life of the fungus. Production of toxins, 
pectolytic and cellulolytic enzymes by R. solani has been 
reported by several investigators (l, 2, 3i 6, 8, 11, 18, 26, 
and 45). Boosalis (6) showed that autoclaved culture filtrates 
of R. solani caused stunting of carrot and turnip. He demon­
strated the role of toxins secreted by R. solani in the 
necrosis of soybean stem and root tissues. Kerr (2?) has 
reported excretion of phytotoxic substances from this pathogen. 
Attention has also been directed to the extracts of Rhizoctonia 
infected plants. Aoki et al. (1) have suggested that phytotoxic 
metabolites of R. solani can play one of the major roles in 
pathogenesis. The pathogen produces phenylacetic acid which 
is metabolized to its hydroxy derivatives and these function 
as main phytotoxic agents of R. solani. Histopathological 
studies by Wyllie (55) have demonstrated that the phytotoxin 
is translocated from the vascular elements of the secondary 
roots to the origin of primary root pericycle. Diffusion of 
the phytotoxin through the cortex of primary root was observed 
in only 2-3 cell-layers. 
Histological investigations by Christou (8) have revealed 
that R. solani invades cells of bean hypocotyl both inter- and 
intra-cellularly. Cortical tissue is invaded primarily inter-
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cellularlyf The middle lamella of cortex cells appears 
dissolved and intercellular spaces packed with fungal hyphae. 
This would suggest the involvement of pectolytic enzymes in 
pathogenesis. Barker (2) has reported the production of poly­
galacturonase (PG) and pectinmethylesterase (PME) in the 
culture media of R. solani. PG activity was highly correlated 
with pathogenesis, however, he found no relationship between 
PME and pathogenesis. Later studies by Bateman (3) and Van 
Etten et al. (50) indicated that PME is mainly of plant origin 
and resulted from the response of the host to infection. 
Glasziou (l8) has presented evidence that binding of PME to 
cell walls is mediated by 3-indoleacetic acid. However, Jensen 
et al. (26) have indicated that cell wall binding of PME is 
purely an ionic relationship between the enzyme and cell wall 
material. An increase in ionic content of tissue would result 
in liberation of PME from cell wall material by cation exchange, 
freeing it to act on pectin material. This in turn, would 
enhance the activity of those types of PG that attack demethy-
lated pectins more readily. The importance of PT-IE production 
by the pathogen in terms of pathogenic potential is not clear. 
Certain types of PG produced by the pathogen, attack both 
methylated and demethylated materials. It is also evident 
that PME is a natural component of most higher plants and is 
released as a result of pathogenesis. 
The cell wall degrading enzymes function in the develop­
ment of some of the symptoms associated with numerous diseases. 
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In many instances, these enzymes aid the pathogen in penetra­
tion of the host tissues and establishment within the host. 
The ability of the pathogen to produce cell wall degrading 
enzymes is not sufficient to render a fungus pathogenic to 
plants. This ability to produce cell wall degrading enzymes 
must be followed by the ability of the pathogen to grow and 
metabolize in the host environment before these enzymes can be 
functional in disease. Several investigators (30, 5^) have 
reported that cell wall permeability is altered during patho­
genesis. According to Lai et al. (30) increased cell wall 
permeability is an initial host response to infection by R. 
solani. They have proposed that the permeability-altering 
factor (probably an enzyme) was associated with the infected 
tissues. Increase in cell membrane permeability may result in 
an increase in leakage of materials from infected cells that 
would supply the pathogen with ready supply of nutrients. 
Similar results have been reported by Wheeler and Black (54). 
The disease severity is dependent upon the interaction of 
many factors in the physical and biological environment of a 
host. Several factors like temperature, moisture and light 
have been investigated extensively. The importance of the role 
of chemical environment in the rhizosphere has been suggested 
by several studies (23, 27, 28, 29, 32, 36, 40, 42, 43, 46, and 
53)» Such an environment may include nutritional factors 
provided by the host. The concept of inoculum potential pro­
posed by Garrett (1?) states that the pathogen requires a 
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ready supply of available nutrients for infection processes. 
Sources that provide such required nutrients area (a) propa-
gules of the fungus; (b) soil solution and organic matter; and 
(c) host exudates. If the quality and quantity of available 
nutrients are inadequate, pathogenic activity and probability 
of infection would be reduced. Sims (46) has reported that the 
vitamin content of the medium may influence the virulence of 
Pellicularia filamentosa (Pat.). Similarly, Phillips (40) with 
Fusarium roseum f. cerealis, and Maier (32) with Fusarium 
solani f. phaseoli found that the medium on which the spores 
were produced influenced the pathogenic capacity of those 
spores. Weinhold et al. (53) have reported a direct relation­
ship between concentration of carbon or nitrogen source in the 
medium and virulence of R. solani as measured by the area of 
macerated tissues. Their results showed that R. solani can 
rapidly increase in virulence by utilizing nutrients from an 
external source. Disease severity caused by R. solani can be 
reduced by altering the nutritional status of the pathogen or 
influencing either the kind or amount of nutrients available 
to the pathogen. Schroth and Cook (42) have described a filter 
paper technique to correlate bean seed exudation with pre-
emergence damping-off due to R. solani and Pythium sp. They 
reported that seed exudation was greatest with the cultivars 
most susceptible to pre-emergence damping-off and least with 
the most resistant cultivars. Exudation and disease incidence 
were increased when seed-coats of both cultivars ware artifi­
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cially cracked• They suggested that the nature of exudate was 
important in providing the pathogen with necessary nutritive 
substances for germination and growth in the soil. Schroth 
and Snyder (^3) have demonstrated that seeds of plant varieties 
most susceptible to pre-emergence damping-off exuded quantities 
of amino acids and sugars during germination. 
Physiology of Resistance 
Van Etten et al. (50) have reported that the expansion of 
lesions formed by R. solani on bean hypocotyls is a very rapid 
process. They have characterized lesion maturation by three 
stages: young, intermediate, and mature. The young stage was 
designated as water soaked areas of invaded bean hypocotyl 
tissues. At the intermediate stage, the hypocotyl lesion 
turned brown and changed to deep sunken and brick red at the 
mature stage. Lesions may reach their maximum size within 
to 40 hours after inoculation at a temperature of 30 C. It 
seems that the infection process of the pathogen is effective 
against the host cell only for a short time. Hence, host 
resistance mechanisms may begin fiinctioning soon after 
infection. Bateman and Daly (4) have observed respiratory 
changes in relation to lesion maturation. Bateman (3) postu­
lated induced changes in the infected tissues resulted in the 
formation of calcium pectate in and around the lesion and 
retarded the effectiveness of PG as a macerating agent. Later, 
Bateman and Lumsden (5) reported that bean seedlings suscep­
tible to Rs solani increased their tolerance with age. This 
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was based on the evidence that calcium pectate formed around 
the lesion and became an important factor in restricting lesion 
size. Results on inactivation of pectic enzymes by oxidized 
phenolic substances were inconclusive. However, Farkas and 
Kiraly (13) have evidence supporting the contention that oxi­
dized phenolic compounds function as enzyme inactivators 
during pathogenesis. 
Another mechanism of induced host resistance would be 
associated with phytoalexin production as reported by Cruick-
shank (9) and Cruickshank and Perrin (10). These fungistatic 
substances have been detected as early as 6 hours after 
inoculation. Pierre and Bateman (38) have reported that 
restriction of lesion expansion must be associated with either 
the creation of a chemical environment within the host which 
is toxic to the pathogen, or with induced changes in the 
chemical constituents of infected tissues that render them 
resistant to enzymatic degradation by the pathogen. Histolo­
gical studies of Rhizoctonia infected bean hypocotyl have 
indicated that resistance cannot be attributed to morphological 
barriers at such an early stage of infection. This was further 
supported by Christou (8) and Van Etten et al. (50)» Pierre 
and Bateman (38) were able to detect phaseollin and a sub­
stance II in infected bean hypocotyl tissues at an early stage 
of lesion maturation. These substances retarded the growth of 
R« solani in vitro. Relatively small amounts of these sub­
stances were found outside the lesion areas. The phytoalexin, 
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phaseollin was first isolated and characterized by Cruickshank 
and Perrin (10) and Perrin (39)* Hess and Schwochau (25) and 
Rahe et al, (4l) have reported that stimulation of phaseollin 
production was always associated with increased phenylalanine 
ammonia-lyase (PAL) activity• Hadwiger et al. (20) have 
observed changes in PAL activity associated with the phenomena 
of phytoalexin production# Brown (7) has reported that PAL is 
involved in the production of lignin and various phenolic 
compounds implicated with the defense mechanism in plant. 
Studies conducted by Hadwiger (19), Hess and Schwochau (25) and 
Millar and Higgins (35) have indicated that PAL is an inter­
mediate enzyme in the production of phaseollin, pisatin, and 
possibly other structurally related phytoalexins. On the basis 
of incorporation and isotopic dilution values of labelled 
precursors and enzyme activity, Hess et al. (24) have suggested 
a phaseollin bi©synthetic pathway similar to that for other 
isoflavonoids. Phenol metabolism has been associated with 
resistance of plants to phytopathogens by Brown (?), Cruick­
shank (9)» Parkas and Kiraly (13), Harbome (22), and Rahe 
et al. (4l), 
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MATERIALS AND METHODS 
The pathogen, R. solani was isolated from a susceptible 
bean hypocotyl grown in naturally infested soil of southeastern 
Iowa. Cultures of the pathogen were maintained on potato 
dextrose agar (PDA), Czapek nutrient and a corn-meal sand 
media. Hyphal tips of the pathogen were examined for nuclear 
condition and septal pore characters under phase contrast 
microscope. Seeds of P. vulgaris were surface sterilized with 
10^ Clorox (5*25^ sodium hypochlorite) for 5 minutes and 
rinsed with sterile distilled water 5 times. The name and 
source of different P. vulgaris cultivars used for evaluating 
resistance to R. solani are given in Table 1. Screening for 
resistance to R. solani was conducted under greenhouse, growth 
chamber and field conditions. 
Screening for Host Resistance 
Greenhouse studies 
The pathogen, grown in corn-meal sand medium, was 
thoroughly mixed with steamed soil in a greenhouse bencho 
Three crops of a susceptible bean cultivar were grown on the 
bench and infected tissues were incorporated into the soil 
before the bench was used for screening. Twenty seeds of each 
cultivar were planted 2 inches deep in rows 120 inches long 
and 6 inches apart. Each screening test contained two repli­
cations. Data on percentage emergence were recorded at 5 day 
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Table 1# Name and source of different P, vulgaris cultivars 
used for evaluating resistance to R. solani 
P# I, Accessions 
or cultivars Origin Source 
109859 Venezuela P. I. Station, Pullman, Wash 
150414 El Salvador Veg. Breeding Lab., 
Charleston, S. C. 
163583 Guatemala P. I. Station, Pullman, Wash 
165426 Mexico Veg. Breeding Lab., 
Charleston, S. C. 
165435 Mexico Veg. Breeding Lab,, 
Charleston» S« C, 
167051 Turkey P. I. Station, Pullman, Wash 
172020 S. Africa P. I. Station, Pullman, Wash 
174908 India P. I. Station, Pullman, Wash 
177035 Turkey P. I. Station, Pullman, Wash 
181892 Syria P. I. Station, Pullman, Wash 
181954 Syria Veg. Breeding Lab,, 
Charleston, S. C. 
190072 Guatemala P» I, Station, Pullman, Wash 
226895 France P# I. Station» Pullman, Wash 
251049 Yugoslavia P. I. Station, Pullman, Wash 
300655 Chile P. I. Station, Pullman, Wash 
300657 Chile Po lo Station, Pullman, Wash 
300665 Chile P. I. Station, Pullman, Wash 
300672 Chile F, I. Station, Pullman, Wash 
300675 Chile P. I. Station, Pullman, Wash 
300679 Chile P. I. Station, Pullman, Wash 
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Table 1. (Continued) 
P. I. Accessions 
or cultivars Origin Source 
300680 
3006158 
308894 
308904 
Venezuela 5^ 
B-3866-271 
OR-5 
Chile 
Brazil 
Costa Rica 
Costa Rica 
Venezuela 
Breeding line 
Breeding line 
P. I. Station, Pullman, Wash. 
P. I. Station, Pullman, Wash. 
P. I. Station, Pullman, Wash. 
P. I. Station, Pullman, Wash. 
Veg. Breeding Lab., 
Charleston, S. C. 
Veg. Breeding Lab., 
Charleston, S. C. 
Veg. Breeding Lab., 
Charleston, S. C. 
67-5614 Breeding line N. Y. Agric. Exp. 
Ithaca, N. Y. 
Sta., 
67-5669(N-203) Breeding line N. Y. Agric. Exp. 
Ithaca, N. Y. 
Sta., 
66-9240-N Breeding line N. Y. Agric. Exp. 
Ithaca. N» Y. 
Sta#, 
9BR-I6—B Breeding line UaS.D.A., Prosser, Wash 
9BR-72-B Breeding line U.S.D.A», Prosser, Wash 
9BR-85-B Breeding line U.S.D.A., Prosser, Wash 
9BR-306-B Breeding line U.S.D.A., Prosser, Wash 
9BR-317-B Breeding line U.S.D.A.1 Prosser, Wash 
9BR-320-B Breeding line U.S.D.A., Prosser, Wash 
9BR-322-3 Breeding line U.S.D.A., Prosser, Wash 
9BR-327-B Breeding line U.S.D.A., Prosser, Wash 
9BR-328-B Breeding line U.S.D.A.1 Prosser, Wash 
9BR-329-B Breeding line UsSeDsAs; Presser, Wash 
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Table 1. (Continued) 
P. I. Accessions 
or cultivars Origin Source 
9BR-335-B Breeding line U.S.D.A., Prosser, Wash 
9BR-350-B Breeding line U«S«D»A«f Prosser, Wash 
9BR-352-B Breeding line UaSiDtAt f Prosser, Wash 
9BR-353-B Breeding line U.S.D.A., Prosser, Wash 
9BR-3920B Breeding line U«S*D*A*1 Prosser, Wash 
9BR-407-B Breeding line U*8eD«A»t Prosser, Wash 
9BR-411-B Breeding line U s S « D« At ! Prosser, Wash 
9BR-M7-B Breeding line U«S«D«A»f Prosser, Wash 
9BR-423-B Breeding line U t S•D*A«f Prosser, Wash 
9BR-425-B Breeding line U«SeD»A»; Prosser, Wash 
9BR-431-B Breeding line U.S.D.A., Prosser, Wash 
7OBR-I85-B Breeding line U.S.D.A.1 Prosser, Wash 
Apollo Breeding line U.S.D.A.t Prosser, Wash 
9AI-32 Breeding line U.S.D.A., Prosser, Wash 
Bonus Breeding line Veg. Breeding Lab» 
Charleston, S. C. 
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Tendergreen Commercial Asgrow 
Harvester Commercial Asgrow 
Valentine Commercial Asgrow 
Tendercrop Commercial Northrup King 
Topcrop Commercial Northrup King 
Romano Italian Commercial Northrup King 
Speckled Cranberry Commercial Northrup King 
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Table 1. (Continued) 
P. I. Accessions 
or cultivars Origin Source 
Scarlet Runner Commercial Northrup King 
Genuine Cornfield Commercial Northrup King 
White Half Runner Commercial Northrup King 
McCosland No. 32 Commercial Northrup King 
Improved Commodore Commercial Northrup King 
Resistant Cherokee Commercial Northrup King 
Kentucky Wonder Commercial Northrup King 
Red Kidney Commercial Northrup King 
intervals for 40 days. Disease ratings were taken after 21 
days (Table 2). 
Growth chamber studies 
The pathogen was grown in 150 ml Erlenmeyer flasks contain­
ing 75 ml Czapek nutrient medium for 21 days on an automatic 
shaker at 21 C. Mycelial mats were blended with 200 ml sterile 
distilled water per mat for 3 minutes in a Waring Blendor, This 
served as a source of inoculum. Surface sterile bean seeds were 
planted in 6 inch plastic pots (5 seeds/pot) containing vermicu-
lite. The inoculum was poured (25 ml/seed) over the seed and 
covered with vermiculite. Disease ratings were recorded after 
21 days. 
A modified collar technique was used in the growth chamber. 
Table 2. Disease ratings of Rhizoctonia infection in snap bean 
Percentage of 
plants infected 
Disease 
ratings-
Description 
classification Remarks 
No infection 
Trace to 10% 
11^ to 25% 
26% to 35% 
36% to ^-5% 
1+6% to 100% 
0 
1 
Immune 
Highly resistant 
Resistant 
Susceptible 
Highly susceptible 
Highly susceptible 
100^ Emergence» no cotyledon 
infection, even growth; no 
damping-off; water-soaked 
area^. 
100% Qnergence; no cotyledon 
infection; nearly even ^owth; 
some damping-off; few light-
brown lesions. 
Damping off; uneven growth; 
cotyledon infection; brown, 
medium-size lesions. 
Severe damping-off; very un­
even stand; severe cotyledon 
infection; dark brown, and 
large lesions. 
Severe infection or death of 
host. 
^Based on median of all damping-off, hypocotyl lesions and field evaluations. 
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A temporary aluminum foil collar was held in place around the 
outside of a soil-filled 6 inch plastic pot with help of a 
rubber band. The collar was extended 2 inches above the top of 
the pot. Five surface sterilized bean seeds were placed on the 
soil and covered by filling the collar with corn-meal sand 
inoculum. The pathogen was grown 40 to 45 days at 21 C in 
2000 ml beakers containing sterile medium of 980 g white sand, 
20 g corn-meal and 250 ml sterile distilled water. Inoculum 
density ratio of 1:2 (w/v) was obtained by mixing the inoculum 
thoroughly with sterile white sand. Pots were placed in a 
growth chamber at 23 C, with 95^ relative humidity, approximately 
4,800 ft-c (51*668 X 10^ lux) and a l4-hr daylength. Disease 
ratings were taken after 21 days. 
In another growth chamber test, 15 surface sterilized 
bean seeds were planted 1 inch deep in rows 2 inches apart in 
plastic crispers containing sterile vermiculite. Seeds were 
allowed to germinate in the growth chamber. A one inch layer 
of corn-meal sand inoculum was placed on the surface of the 
vermiculite. Emergence data were taken at 5 day intervals for 
15 days. Disease ratings were taken after 21 days. In similar 
studies, infected bean hypocotyls were harvested at 12 hour 
intervals for tests for phenylalanine ammonia-lyase (PAL), 
polyphenoloxidase (PPO) activities, and for phytoalexin con­
tent. These tests will be described in the physiology of 
resistance section. 
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Cotton pad technique 
A pad of absorbent cotton was placed in a covered crystal­
lizing dish and autoclaved at 121 C under 15 pounds pressure for 
15 min. Five surface sterile bean seeds were placed on cotton 
soaked with 50 ml of liquid inoculum and placed in a dark room 
at 21 C. After 10 days, seedlings were evaluated for damping-
off and root infection. Sterile distilled water was used as 
control inoculum0 
Another series of experiments were conducted to determine 
the role of seed-coat on pre-emergence damping-off. Seed-coats 
were artificially removed from bean seed and the extent of 
damping-off was determined according to the cotton pad technique. 
Field studies 
Host response to R. solani under natural epiphytotics was 
evaluated at Muscatine, Iowa, in soil known to be heavily 
infested with this pathogens Emergence and uniformity of stand 
were noted, and the disease ratings were recorded after 21 days. 
Physiology of Resistance 
In this study, Venezuela 5^ and Harvester were used as 
resistant and susceptible P. vulgaris cultivars respectively. 
Red Kidney was included for phytoalexin and protein determi­
nations. 
Polvphenoloxidase extraction and assay 
Inoculated and noninoculated bean hypocotyl and root 
tissues were homogenized separately in 25 ml of 0,1 M phosphate 
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buffer (1;5 w/v) at pH 7.0 and -15 G for 3 minutes in a 
Waring Blendor. The extracts were squeezed through four layers 
of cheese cloth and centrifuged at -15 C for 20 minutes at 
2,000 g. The supernatant was held in an ice bath and the assay 
performed immediately. The reaction mixture contained 2 ml 
enzyme extract, 3 ml distilled water, and 1 ml catechol (0,4 
mg/ml in distilled water). The PPO activity was determined by 
measuring increase in absorbance at 495 in>j every 30 seconds for 
10 minutes. Where inhibitors were employed, 1 ml of water was 
replaced by 1 ml of inhibitor under study (sodium diethyldithio-
carbamate or phenylthiourea at 6 X lO"^ M). Autoclaved enzyme 
control was run for each treatment. The reaction in each 
treatment was plotted as change in absorbance at 495 mjj/unit 
over the reaction period. 
Phenylalanine ammonia-lvase extraction and assay 
Âcêtônê powders were prepared from infected hypocotyls 
harvested at intervals of 12 hours for 3 days. Tissues 
(hypocotyl and root) were homogenized at high speed in pre­
viously chilled acetone (1:25 w/v) for 3 minutes at -15 C. The 
homogenate was filtered through Whatman No. 1 filter paper on a 
Buchner funnel and the residue washed three times with cold 
acetone. The acetone powder was spread to dry at the room 
temperature of 21 C and later refrigerated and saved for phyto-
alexin extraction and assay. 
Five-tenth g of dry acetone powder was suspended in 10 ml 
of cold 0,1 M borate buffer at pH 8,8 and the mixture stirred in 
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an ice bath for 15 minutes. The extract was squeezed through 
four layers of cheese cloth and clarified by centrifugation at 
2,000 g for 10 minutes at -4 C. PAL activity was determined 
immediately since the crude extract was unstable. 
The extinction coeffecient of trans-cinnamic acid in 0.1 
M borate buffer at pH 8,8 is more than 10,000 at 290 nya while 
phenylalanine has very little absorption at this wavelength. 
Hence, the deamination of L-phenylalanine to trans-cinnamic acid 
by PAL (^,3,1«5) was determined by measuring increase in 
absorbance at 29O m>j on a Beckman DB spectrophotometer. The 
reaction mixture contained 1,0 ml of 0,05 M borate buffer pH 8,8, 
0.5 ml of 0.1 M phenylalanine, 0o5 ml enzyme extract, and 1,0 ml 
distilled water. The mixture was preincubated at room tempera­
ture of 21 C for 15 minutes to allow for an initial non-enzymatic 
decrease in absorbance which was usually detected in control 
reactions containing boiled enzyme or no substrate. The rate of 
reaction was calculated from measurements of absorbarice at 290 
m>j taken at 20 minute intervals for at least two hours after 
incubation. A reaction mixture with water substituted for 
phenylalanine was the control, One unit of enzyme activity was 
defined as that amount of enzyme which produced a 0,01 increase 
in absorbance/hr at 290 m^ in the standard assay. This change 
in absorbance was equivalent to the formation of 1 ug of 
cinnamic acid/ml of reaction mixture, 
Phytoalexin extraction and assay 
Inoculated and non-inoculated bean hypocotyl and root 
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tissues were homogenized in 9Sf° ethanol (l»25 w/v) at high 
speed in a Waring Blendor for 3 minutes. The extract was 
squeezed through four layers of cheese cloth and filtered 
through Whatman No. 1 filter paper on a Buchner funnel. The 
filtrate was centrifuged at 2,000 g for 15 minutes at 4 C. The 
extract was brought to its original volume by adding sterile 
distilled water. Ethanol was evaporated at 40 C under reduced 
pressure. The pH of the aqueous fraction was brought to pH 3.0 
with 6N HCl and partitioned with petroleum ether by mixing the 
two phases at high speed in a Waring Blendor for 0.5 to 1 minute. 
The ether fraction was evaporated to dryness and resuspended in 
95^ ethanol. The ethanol extract was refrigerated for further 
assay. 
In another method, phytoalexin was extracted from the 
acetone fraction saved earlier. The acetone was evaporated at 
40 C under reduced pressure. The aqueous fraction was centri­
fuged at 2,000 g for 20 minutes at 4 c. Water was added to the 
clear supernatant to bring it to the original volume. The pH 
of the solution was adjusted to 3.0 with oN HCl. Phytoalexin 
was transferred from aqueous phase to the ether phase in a 
closed system of liquid-liquid extraction apparatus (Coming 
Glass Company, New York, N. Y.) by boiling the ether at 40 C for 
12 hours. The ether fraction was evaporated to dryness, redis-
solved in 95% ethanol (0.5 ml/g fresh weight of tissue) and 
refrigerated. 
The ethanol fraction was scanned in ultraviolet range with 
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Beckman DB spectrophotometer. The reaction mixture contained 
2,5 ml ethanol and 0.5 ml extract. The phytoalexin content of 
the infected tissue was quantitated from the extinction coeffi­
cient as reported by Perrin (39)» 
Biological assay 
The test organism was R. solani grown on 15 ml PDA for 3 
days at room temperature of 21 C. The ethanol fraction was 
evaporated in known volume (0.5 ml/lO ml of growth medium) on 
sterile petri dishes, 15 ml of PDA was poured, gently shaken to 
mix and then allowed to solidify at 21 C. Discs of mycelium 
were cut with a sterile No. 2 cork borer and one was placed in 
the center of each dish. Colony diameter was recorded after 
72 hour incubation. This method was used also for seed and 
seed-coat extracts. 
Protein determination 
The aqueous fraction, after phytoalexin extraction, was 
evaporated to dryness at 40 C under reduced pressure and sus= 
pended in 1 m acetate buffer, pH 4.8 in 1*2 (w/v) ratio. The 
solution was centrifuged at 2,000 g for 15 minutes at 4 C. The 
Folin-Ciocalteau colorimeter test was used for quantitating 
protein. The reagents used were: (a) 1,0 g copper sulphate in 
100 ml distilled water; (b) 2.0 g sodium tartrate in 100 ml 
distilled water; (c) 2^ sodium carbonate in 0.1 M sodium hydrox­
ide. Alkaline copper sulphate solution was prepared by mixing 
1 ml of a 111 mixture of (a) and (b) and 50 ml of (c), then 
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discarded after one day of use. Commercial Folin-Ciocalteau 
(Fisher Scientific Company) was diluted lil with distilled 
water before use. The reaction mixture containing 0.3 ml of 
extract and 3 ml alkaline copper solution was incubated for 10 
minutes. Then, 0.3 ml Folin-Ciocalteau was added and incubated 
at 21 C for 30 minutes. Absorbance at 500 m^ was read on 
spectrophotometer (Spectronic 20, Bausch and Lamb). Protein 
content was calculated in ug/ml from Bovine Serum Albumin (BSA) 
standard curve. 
Amino acid analysis 
The tissue was immersed in boiling ethanol (95?^) for 5 
minutes, and then homogenized in Waring Blendor at high speed 
for 3 minutes at 21 C. The extract was passed through four 
layers of cheese cloth then filtered through Buchner funnel 
under partial vacuum. The filtrate was centrifuged at 2,000 g 
for 20 minutes at =6 C. The clear supernatant was evaporated to 
dryness at 35 C and the residue suspended in water. Amino acids 
were purified and separated on resin columns at 10 C according 
to methods described by Thompson et al. (49). Amino acids were 
located on paper chromatograms with ninhydrin according to the 
techniques reported by Thompson and Morris (48). 
Determination of phenolic substances 
The phenolic substances from seed, seed-coat, hypocotyl and 
root tissues were isolated and purified by a series of extraction 
and precipitation methods described by Seikel (44). Identifica­
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tion was done on both paper and silica-gel thin layer chromato-
grams using different spraying reagents. The relative concen­
tration of phenolic substances in seed exudate was determined 
by the filter paper method described by Kraft and Erwin (29), 
According to this technique bean seeds were placed on moist 
filter paper in petri plates at 21 C. Ferric chloride was used 
as phenol detection agent. 
Phytotoxicity 
The extracts from infected bean tissues were partially 
purified in ether and partitioned on silica-gel column according 
to methods reported by Aoki et al, (l). The extract was spotted 
on Whatman No, 1 filter paper (50 ul/spot), and partitioned with 
n- butanolI acetic acidiwater (4:1:5) epiphase. The paper 
chromatogram was cut into 10 equal unit length from the 
point of origin. The substances contained in these fractions 
Were eluted in Sterile distilled water. Avsna colsoptile test 
was conducted to determine phytotoxicity of different R^ 
fractions of the tissue extract. This test was done according 
to the methods described by Leopold (31), and Wain and Wightman 
(52). 
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RESULTS 
Screening for Resistance 
Nuclear condition and septal pore characters of the patho­
gen are shown in Fig. 1. The pathogen was identified as 
Rhizoctonia solani on the basis of these characters as reported 
by Parmeter (36), 
Greenhouse and growth chamber studies 
Evaluation for resistance to R. solani revealed variation 
among different P. vulgaris cultivars (Table 3)» White seeded 
cultivars with a green hypocotyl were most susceptible to pre-
emergence damping-off (Fig. 2). Lesions on cotyledons .(Figs® .3 
and 4) and seed-coats (Fig. 5) of these cultivars were frequent. 
Germination and emergence were delayed in R. solani infested 
soil and stands were variable. Hypocotyl lesions on emerging 
seedlings were extensive and ranged from 7 to 9 mm in length, 
P. vulgaris cultivars with black seed-coats and purple 
hypocotyls were most resistant to pre-emergence damping-off. 
Infection of cotyledons was not observed; however, formation 
of lesions on the hypocotyls of these cultivars varied. Severe 
lesions appeared water-soaked and were less than 1 mm in length ; 
most lesions were superficial and did not affect growth of the 
resistant seedlings. Highly resistant P. vulgaris cultivars 
included: Venezuela 54, P. I. Accessions (P. I.) 109859» 
163583» 165426, 174908, 226895» 300655» and the breeding lines 
67-5669(N-203), 9BR-350-B, 9BR-353-B» 9BR-417-B, 9BR-423-B, 
Fig. 1. Septal pore apparatus (A) and nuclear condition (B) 
of R. solani mycelium 
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Table 3 .  Morphological characters and disease ratings of bean cultivars and P. I 
Accessions to Rhizoctonia infection 
P. I. Accessions Morphological characters Mean 
or Color^ Growth disease 
cultivars Origin Seed-coat Hypocotyl habit^ rating® 
109859 Venezuela r pu b 1.7 
150414 El Salvador pu g sv 3.1 
163583 Guatemala bl pu b 2.1 
165426 Mexico bl pu sv 1.8 
165435 Mexico bl pu sv 3.3 
167051 Turkey bl pu b 3 . 0  
167107 Turkey bl pu ^ b 3.3 
172020 S. Africa bl pu (g) b 3.0 
174908 India bl pu b 2.1 
177035 Turkey bl pu ^ b 3.3 
I8I892 Syria bl (m) pu (g) b 2.8 
181954 Syria t g b (sv) 3.0 
190072 Guatemala bl pu b 2.9 
226895 France bl (br) pu b 1.7 
251049 Yugoslavia bl pu b 2.8 
300655 Chile bl pu b 3.3 
300657 Chile bl pu b 2-5 
300665 Chile bl pu b 2.3 
300672 Chile bl pu b 3.1 
300675 Chile bl pu b 3» 3 
300679 Chile bl pu b 2 . 5  
^Golori r - red; m - mottO.e; br - brown; t - tan; bl - black; pu - purple; 
g - green; sp - speckle; st - stripe; w - white. 
^Growth habi.ti b - bush; £5v - semi-vine; v - vine. 
^Disease rating* based on Table 1. See Appendix A-1 for analysis of variance. 
Table 3» (Continued) 
P. I. Accessions 
or 
cultivars Origin 
300680 
306158 
308894 
308904 
Venezuela No. 5^ 
B3866-27I 
OR-5 
Bonus 
Tendergreen 
Harvester 
Valentine 
Tendercrop 
Topcrop 
Romano Italian 
Speckled Cranberry 
Scarlet Runner 
Genuine Cornfield 
White Half Runner 
McCosland No. 32 
Improved Commodore 
Resistant Cherokee 
Kentucky Wonder 
Red Kidney 
66-9240 
67-5669 (N203) 
67-5614 
9BR-16-B 
9BR-72-B 
9BR-85-B 
9BR-306-B 
Chile 
Brazil 
Costa Rica 
Costa Rica 
Venezuela 
Breeding line 
Breeding line 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Coirmiercial 
Commercial 
Commercial 
Conmiercial 
Commercial 
Commercial 
Commercial 
Breeding ].ine 
Breeding line 
Breeding line 
Breeding ].ine 
Breeding l.ine 
Breeding line 
Breeding line 
Morphological characters 
Color& Growth 
Seed-coat Hypocotyl habit^ 
Mean 
disease 
rating® 
bl pu 
bl pu 
r g 
bl pu 
bl pu 
w g 
r g 
w g 
w g 
w g 
bl pu 
w g 
(br/t) g 
g , g 
(v/t) g 
(bl/pu) pu 
(br/t) g 
w g 
w g 
t g 
bl pu 
r g 
r g 
bl g 
bl pu 
t pu 
w g 
w g 
w g 
w g 
b 3.1 
b 3.3 
b 3.7 
b 3.2 
b 1.6 
b 3.5 
V 2.8 
b 3.0 
b 4.2 
b 4.2 
SV 2.3 
b 3.9 
b 4.0 
V 3.1 
SV 3.1 
V 3.1 
SV 3.1 
SV 3.1 
SV 3.8 
b 3.5 
b 2 . 9  
b 3.1 
b 3.1 
V 2.6 
V 1.4 
V 3.1 
b 3.9 
b 4.4 
b 4.0 
b 4.4 
Table 3« (Continued) 
P. I. Accessions Morphological characters Mean 
or Golor& Growth disease 
cultivars Origin Seed-coat Hypocotyl habit^ rating^ 
9BR-317-B Breeding line w g b 4.4 
9BR-320-B Breeding line w g b 4.0 
9BR-322-B Breeding line w g b ? ' f  
9BR-327-B Breeding line w g b 4.4 
9BR-328-B Breeding line w g b 4.4 
9BR-329-B Breeding line w g b 4.0 
9BR-335-B Breeding line w g b 3.6 
9BR-350-B Breeding line w g b 2.1 
9BR-352-B Breeding line br g b 3.0 
9BR-353-B Breeding line bl pu b 1.5 
9BR-392-B Breeding line w g b 2.5 
9BR-409-B Breeding line w g b 4.0 
9BR-411-B Breeding line br pu b 2.5 
9BR-417-B Breeding line bl pu b 2.0 
9BR-423-B Breeding line t pu b 2.1 
9BR-423-B Breeding line bl g b 3.4 
9BR-431-B Breeding line t g b 3.5 
Apollo Breeding line w g b 4.4 
9ÂI-32 Breeding line w g b 4.0 
7OBR-I85-B Breeding line w g b 1.3 
Fig. 2. Pre-emergence damping-off due to R. solani (left to 
right)I Susceptible Topcrop and resistant 165426 and 
Venezuela 54 
Figï 3, Variation in hypocotyl lesion formation on resistant 
Venezuela 54 (left) arid susceptible Topcrop (right) 

Pig' 4. Rhizoctonia infection of hypocotyls and cotyledons of 
resistant Venezuela (right) and susceptible Topcrop 
(center) and Harvester (left) 
Fig» 5» Rhizoctonia infection of susceptible white seeds at 
different stages of germination 
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and 7OBR-I85-B. The only white seeded P. vulgaris cultivars 
with green hypocotyl that had tolerance to R, solani were 
9BR-350-B and 7OBR-I85-B. 
Field studies 
P. vulgaris cultivars showing different degrees of resis­
tance to R. solani in greenhouse and growth chamber studies 
were evaluated in the field at Muscatine• Under field condi­
tions, white seeded commercial cultivars having green hypo-
cotyls were most susceptible to R. solani damping-off, Emer­
gence was delayed and there was considerable variation in 
seedling stand (Pig. 6), Hypocotyl lesions were deep and 
brick red (Fig. 7). Lesions were not observed on hypocotyls of 
resistant Venezuela 54 seedlings (Fig. 8), but were extensive 
on the susceptible cultivars (Fig. 9)» Resistance to R, solani 
damping-off and hypocotyl lesion formation was observed in 
Venezuela $4, and P. I. 1090849, 165426, and 163583» These 
resistant seedlings continued to grow vigorously with no 
Rhizoctonia-damage (Table 3)» 
Physiology of Resistance 
Polyphenoloxidass activity 
Extracts of resistant hypocotyl and root tissues contained 
maximum PPO activity after R. solani infection (Fig: 10). 
Peak PPO activity occurred within 24 hours after inoculation. 
PPO activity was not detected in extracts of either non-inocu­
lated resistant or susceptible tissues. PPO activity was 
Fig, 6. Delay in emergence of susceptible cultivars: 
Tendergreen and Harvester 
Fig. 7» Extent of hypocotyl lesion formation among different 
Pî vulgaris under field conditions 

Fig. 8. Absence of hypocotyl lesion on resistant Venezuela 5^ 
under field conditions 
Fig. 9' Hypocotyl lesion formation on susceptible Tendergreen 
under field conditions 
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Pig, 10, Polyphenoloxidase activity due to Rhizoctonia 
infection in: A - hypocotyl lesion extracts of 
resistant and susceptible cultivars, and B - root 
extracts of resistant and susceptible cultivars 
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almost three times greater than those from susceptible tissues 
24 hours after inoculation (Pig, 10). After 36 hours, PPO 
activity leveled off as the lesions matured. 
Phenylalanine ammonia-lvase activity 
Induction of PAL activity in resistant and susceptible 
tissues at different stages after inoculation with R. solani is 
shown in Fig. 11. PAL activity was detected in both inoculated 
hypocotyl and root tissues, however, very little activity was 
observed in non-inoculated tissues. PAL activity peaked in 
extracts of resistant hypocotyls and roots 4 hours after inocu­
lation (Fig. 11 A and B). Maximum PAL activity was more than 
four-fold and the peak was attained 4 hours earlier in the 
resistant than in the extracts from susceptible tissues. There 
was an initial lag of 4 hours in induction of PAL activity in 
the extract of susceptible tissue after inoculation as compared 
to the extract of resistant tissue. Peak of PAL activity in 
susceptible plants occurred 8 hours after inoculation in the 
hypocotyl extracts, but no peak activity was found in the root 
extract. 
Phvtoalexin 
Spectrophotometric and biological assays of infected 
tissues revealed production of fungistatic substance. Fungi­
static substances were either absent or not detected in non-
inoculated healthy tissues. Amount of this substance was much 
higher in the resistant hypocotyl tissues than in the suscep-
Fig. 11. Phenylalanine ammonia-lyase activity in resistant 
and susceptible tissues at different stages after 
inoculation with R. solani 
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tible after inoculation (Pig. 12). Formation of fungistatic 
substance in resistant tissue was much faster and attained 
the peak value earlier than the susceptible. Resistant root 
tissue also responded to infection by producing a fungistatic 
substance, which was also detected in the susceptible tissues. 
Lesion extracts were obtained from both hypocotyl and 
root tissues of susceptible and resistant hosts. Fungistatic 
substances in the lesion extracts of resistant hypocotyls and 
root tissues exhibited 53^ and growth inhibition of R. 
solani, respectively (Table 4). Inhibition of R. solani varied 
from to 30^ when treated with susceptible tissue extracts. 
Table 4. Effect of lesion extract on growth of R. solani 
Response to Lesion extract 
Cultivar R. solani Hypocotyl Root 
Harvester Susceptible 14.5& 20,0 
Venezuela 5^ Resistant 53*2 43.0 
Red Kidney Susceptible i4.0 30*0 
^Percentage of growth inhibition of the check. 
Maximum growth inhibition of R. solani occurred at higher 
concentrations of Venezuela 5^ hypocotyl lesion extract (Fig. 
13). Hypocotyl lesion extracts of Harvester or Red Kidney did 
not sipTiificantly inhibit the growth of R. solani. 
Comparison of the petroleum ether fractions from healthy 
(non-inoculated) and diseased tissues harvested at the young 
stage of lesion maturation indicated that the extracts from 
diseased tissues were fungistatic, where as, similar extract 
Fig. 12. Phas? •••ollin production at different stages after 
Rhiaoctonia infection in the extracts of hypocotyl 
(hypo) and root (Rt) tissues of resistant (RES) 
and susceptible (SUS) cultivars 
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SUS-hypo 
£ SUS-Rt. 
HOURS AFTER INOCULATION 
Fig. 13. Relative growth inhibition of R. solani by hypocotyl lesion extracts of 
different P. vulgaris cultivars at concentration of (A) 2.5 ml extract/l5 ml 
growth medium, and (B) 5 ml/extract/l5 ml growth medium, in (left to right) 
non-inoculated check, Red Kidney, Harvester, 165426 and Venezuela 5^ 
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from healthy tissue did not significantly effect growth of R. 
solani. Spectrophotometric analysis of the fraction showed 
maximum absorbance at 279 ni^i in the ethanol fraction of 
petroleum ether extract of hypocotyl tissues. The respective 
fractions from non-inoculated healthy tissue did not absorb 
light at this wavelength. Ethanol fraction of petroleum 
ether extract of infected root tissues also had an absorbance 
peak at 279 mjn. 
Fungi toxicity 
Resistant tissue extract showed fungitoxic to R. solani 
at Rf = 0.1, 0.4, and 0.8 with a maximum toxicity at R^ = 0.8 
(Fig. l4). Growth promoting substances were not detected in 
the extract from resistant tissue. Examination under ultra­
violet light and reaction with ferric chloride showed that 
Rf = 0.8 contained a phenolic substance. Susceptible tissue 
extract showed only minor fimgitoxicity at the above R^ values 
(Fig. 15)• This extract also contained some growth promoting 
substances at R^ values of 0.2 and 0.5 
Phytotoxicity 
Avena coleoptile test showed differences in phytotoxicity 
between susceptible and resistant extracts of infected bean 
tissues (Figs. l6 and 17). Susceptible tissue extracts con­
tained compounds that exhibited growth inhibition at R^ = 0,3 
to 1.0 (Fig. l6) with a maximum at R^ = 0.4 to 0.5. Examination 
under ultraviolet light and reaction with spraying reagents 
Fig. l4. Effect of ethanol fraction of petroleum ether extract 
of resistant host on the growth of R. solani 
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Fig. 15, Effect of ethanol fractions of petroleum ether 
extract of susceptible host on the growth of 
R. solani 
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Fig. 16. Effect of infected susceptible tissue extract on 
growth of Avena coleoptile 
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Fig. 17. Effect of resistant hypocotyl tissue extract on 
growth of Avena coleoptile 
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indicated that these compounds had phenolic properties. 
Tissue extracts of resistant roots did not show any growth 
inhibition (Fig. 17). There was no difference in growth 
promotion or inhibition between inoculated and non-inoculated 
tissues of resistant roots. Extracts of healthy (non-inocu­
lated) susceptible and resistant root tissues showed growth 
promotion. Stunting of susceptible plants was observed when 
planted in R. solani infested soil (Fig. l8). The maturity 
and number of pods also seem to be retarded compared to non-
inoculated healthy plants. 
Protein and amino acids 
Extracts of non-inoculated hypocotyl and root tissues of 
Harvester and Red Kidney contained more protein than did those 
of Venezuela 5^ (Table 5)« There was an increase in protein 
content in susceptible tissues following inoculation. The 
resistant host-pathogen combination did not increase protein 
level to the same extent. Resistant root tissues contained 
less protein when inoculated. 
The greatest number and amounts of amino acids were 
detected in susceptible host seed-coats and inoculated hypo­
cotyl tissues with traces in non-inoculated healthy hypocotyl 
extracts (Table 6). Extracts of susceptible tissues contained 
13 amino acids with aspartic acid, glutamic acid, serine, 
glycine, alanine, lysine, histidine, arginine, valine, and 
phenylalanine being prominent. Amino acid content in seed-coat 
/ 
Fis. 18. Effect of Rhizoctonia infected soil on growth of susceptible host (right) 
and. noTi^inf©c*t6ci cli©ck (lsf"t/ 

Table 5. Protein content of P. vulgaris as a result of R. solani infection^ 
Protein content (ug/ml) 
Response to Non-inoculated Inoculated 
Cultivar R. solani Hypocotyl Root Hypocotyl Root 
Harvester Susceptible 1840 3600 2l60 
Red Kidney Susceptible 1270 1480 i860 2240 
Venezuela ^4 Resistant 1150 1320 l680 950 
^Calculations based on Bovine Serum Albumin standard curve. 
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Table 6. Relative concentration of amino acids in P. vulgaris 
seed coat and hypocotyl extracts^ 
Hypocotyl 
Seed coat Non-inoculated Inoculated 
Amino acid R S R S R 
Aspartic acid +++ ++ tr tr +++ tr 
Glutamic acid +++ ++ tr tr +++ tr 
Serine ++ + tr tr +++ tr 
Glycine +++ + tr tr +++ tr 
Threonine ++ ++ tr tr ++ -
Alpha Alanine +++ ++ - - ++ tr 
Glutamine ++ ++ - - ++ -
Lysine +++ + + - ++ tr 
Histidine +++ ++ -
-
+ -
Arginine +++ ++ - - ++ tr 
Valine ++ ++ - - ++ tr 
Phenylalanine + tr - - ++ -
Isoleucine/leucine + - - - ++ -
Tyrosine + - - - + -
Methionine + 
&Based on visual color intensity of ninhydrin reagent on 
paper chromatograms: +++ = deep purple; ++ = purple; + = purple; 
tr = trace; - = absent or not detected, 
= susceptible; R = resistant. 
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extracts of resistant hosts was less in both number and quan­
tity. Amino acids were detected only in traces in hypocotyl 
extract of inoculated resistant tissues. There was no differ­
ence in amino acid content between inoculated and non-inocu-
lated hypocotyl extract of resistant tissues. There were 
minor differences in amino acid content in non-inoculated 
hypocotyl extracts of susceptible and resistant hosts. Pheny­
lalanine and tyrosine were detected only in the seed-coat and 
the inoculated hypocotyl extracts of susceptible tissues. 
Seed-coat extracts and seed exudaxion 
Susceptible seed-coat extract stimulated growth of R. 
solani on all fractions (Fig. 19)» Resistant seed extract 
fraction at Rj = 0.7 and 0,8 inhibited growth of R. solani 
(Fig. 20). This extract contained growth promoting substances 
for the pathogen at Rf = 0.1 through 0.6. 
R. solani produced much larger amount of mycelium on the 
media without exudate added (Fig. 21). Growth of this patho­
gen was promoted on the media containing susceptible seed 
extract. Meager growth of R. solani mycelium was noted when 
resistant seed exudate was incorporated with the growth medium. 
Large amounts of exudates were detected from the white 
seeded commercial cultivars. Resistant seeds were observed 
to exude less substances than the susceptible. Concentrations 
of amino acids was greatest in Tendergreen, Harvester and Red 
Kidney and least in Venezuela 5^ and P. I. 165^26 (Table ?)• 
There were, however, minor differences in exudation among 
Fig. 19. Effects of different fractions of susceptible 
seed-coat extract on growth of R. solani 
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Fig. 20. Effect of different Rf fractions of resistant seed-
coat extract on growth of R. solani 
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Fig. 21. Effect of seed-coat extract on the growth of 
mycelium of R. solani 
(A) susceptible seed extract 
(B) resistant seed extract 
(C) check 
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Table 7» Relative concentration of amino acid and phenolic 
substances in P. vulgaris seed-coat extract 
Relative 
Color& concentration^ 
Cultivar Seed-coat Water extract Amino acid Phenol 
Venezuela 5^ bl pu - + 
Tendergreen w - +++ -
Harvester w - +++ -
165426 bl pu + +++ 
Red Kidney r r ++ tr 
®-bl = black; pu = purple; r = red; w = white. 
^Based on visual color intensity of detecting reagent; 
+++ = largest spot with greatest color intensity; ++ = spot 
larger than + and intensity greater; + = spot small and color 
intensity slight; tr = trace; - = absent or not detected. 
individual seeds of all the P. vulgaris cultivars. 
Black seed=coat contained the largest number of phenolic 
substances. The resistant Venezuela 5^ seed-coat contained more 
anthocyanins, flavonol glycosides and leucoanthcyanidins than 
any other P. vulgaris cultivars examined (Table 8)» Phenolic 
substances were not detected in the susceptible white cultivars. 
The extent of seed infection of bean at different stages 
of germination in R. solani infested soil is shown in Fig. 22. 
The susceptible seeds were completely invaded by R. solani at 
the inoculum potential used in the study (Pig, 22-A). The 
infection of resistant seed by R. solani was retarded during 
early stages of germination (Pig# 22-B), 
Fig. 22, Extent of Rhizoctonia infection at different stages 
of seed germinationi 
(A) infection of susceptible seeds 
(B) infection of resistant seeds 
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Table 8. Content of phenolic substances in seed-coat of 
P. vulgaris 
Phenol content^ 
Seed-coat Flavonol Leuco-
Cultivar color& Anthocyanin glucoside anthocyanidin 
Venezuela 54 bl 2 4 1 
109859 r 1 2 0 
226895 cr 0 0 tr 
Harvester w 0 0 0 
&bl = blacks r = red: cr = cream; w = white. 
^Based on number of spots on silica-gel thin layer 
chromatograms. All chromatograms were run in triplicate. 
Condition of seed-coat 
Seeds of five different P. vulgaris cultivars were tested 
to determine effect of seed-coat on pre-emergence damping-off 
due to R. solani. Percentage of damping-off was greatly 
increased among all the cultivars when seed-coats were cracked 
(Table 9)* Relatively little pre-emergence damping-off 
occurred in Venezuela 54 and 67-5669(N-203) when the seed-coats 
were intact. There was no pre-emergence damping-off of resis­
tant seeds (Fig. 23). However, pre-emergence damping-off was 
greatly increased when the seed-coats were artificially 
removed (Fig. 24). 
Germination and emergence 
The effect of Rhizoctonia-infested soil on percentage 
Fig, 23. Effect of R. solani on damping-off of Tendergreen 
(susceptible), and 165^26 (resistant) 
Fig, Zk-. Severity of Rhizoctonia damping-off of susceptible 
(top), and resistant (bottom) seeds after seed-coats 
were removed 
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Table 9# Percentage damping-off of P. vulgaris cultivars with 
intact and cracked seed-coat^ 
Seed-coat 
Cultivar Cracked Intact 
Harvester 98.5 76.3 
Tendergreen 97.6 74.7 
Red Kidney 94.3 69.9 
Venezuela 5^ 62.4 3.5 
67-5669(N203) 63.1 15.8 
^Percentage calculated from 400 seeds/treatment# 
germination of P. vulgaris is shown in Fig. 25. In absence of 
the pathogen, all the resistant seeds emerged in 10 days as 
compared to k2fo of the susceptible seeds• In presence of the 
pathogen, 959^ of resistant seeds emerged in 10 days and only 
10^ of the susceptible sssds emerged during this period: The 
maximum number of susceptible seeds that emerged was 62% in 
40 dayss The percent emergence of 165426, Venezuela 54, 
9BR-350-B, 9BR-353-B and 7OBR-185-B in non-inoculated soil 
ranged from 27 to 57 in 5 days and 89 to 100 in 10 days as 
compared to Tendergreen and Harvester that ranged from 43 to 
56 during the same period (Table 10). Percent emergence of 
OR-5 and Valentine in 10 days was intermediate. However, only 
165426, Venezuela 5^ and 7OBR-I85-B emerged in 5 days in 
Rhizoctonia infested soil. Emergence of Tendergreen and 
Fif,, 25. Effect of R. solani infected soil on percentage 
germination of P. vulgaris cultivars (RES-CL = 
resistant control; RES-IN = resistant inoculated; 
SUS-CL = susceptible control; SUS-IN = susceptible 
inoculated) 
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Table 10. Effect of R. Siolani on speed of emergence of P. vulgaris 
Percentage emergence 
Non-infested soil Infested soil 
P« I. Accession 
or cultivar 5 days 10 days 15 days 5 days 10 days 15 di 
165426 31 100 100 15 93 97 
Venezuela 54 57 100 100 28 99 99 
Tendergreen 0 43 87 0 27 65 
OR-5 0 73 99 0 47 93 
Valentine 0 72 97 0 45 91 
Harvester 0 56 90 0 31 62 
9BR-350-B 27 95 95 0 87 90 
9BR-353-B 50 98 98 0 87 89 
9BR-392-B 0 89 95 0 69 92 
7OBR-I85-E 53 100 100 23 95 95 
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Harvester was very poor under these conditions even after 10 
days. Emergence of OR-5 and Valentine, however, remained 
intermediate. 
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DISCUSSION AND CONCLUSIONS 
Resistance of P. vulgaris to R, solani can be evaluated at 
three sites of infection: (a) seed infection, (b) pre-eraer-
gence damping-off» and (c) hypocotyl lesion formation. Varia­
tion in host response was found at each site. Most white-
seeded cultivars were susceptible to R. solani at all infection 
sites. The black-seeded cultivars were most resistant to seed 
infection and pre-emergence damping-off, but showed considerable 
variation in number and size of hypocotyl lesions. 
This investigation showed a high phenolic content in seed-
coats of resistant beans. The main phenolic components were 
anthocyanins, flavonol glycosides, and leucoanthocyanins. 
Seed-coat extracts containing phenols inhibited growth of R. 
solani in vitro and may protect germinating seed from infection. 
Feenstra (14) has suggested that formation of phenolic com­
pounds in the seed-coats of P. vulgaris is under the genetic 
control of C, V, and Sh genes which also control seed-coat 
color. This would explain the relationship between seed-coat 
color and Rhizoctonia resistance because the highest phenol 
content should be found in the seed-coats with the darkest 
color. 
White seed-coat extracts contained a higher phenylalanine 
than those from black seed-coats. This could indicate a 
blockage in the biosynthetic pathway for production of phenols, 
since Harbome (22) has reported that phenylalanine is a 
precursor of phenols, and would reinforce the positive relation­
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ship between depth of seed-coat color and phenol content in the 
seed-coat. Phenol synthesis in the seed-coat of black beans 
also may increase lignification and confer further resistance 
to Rhizoctonia infection. 
Cracking of the bean seed-coat during germination effects 
growth of the pathogen and subsequent infection of the host. 
Seed-coats of susceptible seeds readily cracked upon hydration 
and become detached from the cotyledon during germination» 
This process results in release of nutrients from seeds and 
provides a substrate for the pathogen, thus, promoting damping-
off. This agrees with the results of Hayman (23) who found 
that increase seed exudation correlated with greater pathogenic 
activity of R. solani. Weinhold et al., (53) also emphasized 
the importance of nutritional status of the inoculum in evalua­
ting the pathogenic capabilities of R. solani. Similar data 
have been presented for other organisms (27, 28, 29, 37, 42, 
43). Resistant black seed-coats, however, did not crack 
readily and the seed-coat adhered tightly to the cotyledons, 
thus limiting seed exudation. It would appear, therefore, that 
unoracked seed-coats and reduced seed exudation are partially 
responsible for the resistance of the black-seeded cultivars to 
seed infection by R. solani. These two characteristics also 
were found in a few white-seeded breeding lines. 
Rapid germination and growth of bean seedlings also may 
be important in helping these plants resist infection by 
Rhizoctonia. It has been reported that susceptible bean plants 
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gradually become resistant as they become older and at 15 to 
20 days of age they are no longer susceptible (3, 4, 5i 33» 
3^). Presumably, the cell walls of the epidermis become less 
susceptible to degradation by Rhizoctonia enzymes as the 
molecular configuration of the walls changes during maturation. 
Based on this assumption, epidermal cell walls in bean plants 
having a rapid growth rate should mature sooner and become 
resistant to Rhizoctonia enzymes sooner than those of the 
slower growing plants, 
Although the resistant, black-seeded lines displayed 
rapid germination and growth, it was difficult to evaluate 
these characteristics in the black-seeded lines because they 
also contained biochemical factors for resistance that were 
associated with the pigment system. One white-seeded line, 
however, had both the rapid growth and high resistance to 
Rhizoctonia, allowing an evaluation of resistance factors other 
than those relaxed to phytoalexin production. The performance 
of this white-seeded line indicates the possible importance of 
rapid germination and emergence in protecting bsan plants from 
Rhizoctonia infection. These two characteristics combined with 
crack-free seed-coats may be all that is necessary for the 
development of Rhizoctonia resistant cultivars. This is 
important to the snap bean processors because colored seeds 
presumably lower the quality of the processed product, 
Rhizoctonia solani rapidly invades emerging bean seedlings 
causing water-soaked areas on the hypocotyls within 24 hr after 
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infectiont Differences in phenol metabolism between resistant 
and susceptible cultivars were found at this stage. PAL 
activity occurs within 8 to 10 hr in resistant cultivars. 
According to Brown (?) and Harbome (22) PAL is the key enzyme 
in phenol metabolism and catalyzes the first reaction of hydroxy 
cinnamic acid pathway. Cinnamic acid is the substrate for many 
types of phenolic biosynthesis. Initiation of PAL activity at 
this stage precedes phaseollin production in the resistant 
reaction (20, 24, 4l), Hess et al., (24) have proposed a bio-
synthetic pathway for phaseollin similar to that for other 
isoflavonoids. They have suggested that part of phaseollin 
molecule is assembled from acetyl Co A and phenylalanine, 
acetate or cinnamic acid. This supports our evidence that 
conversion of phenylalanine to cinnamic acid in phaseollin 
metabolism was activated by PAL in the resistant reaction. 
The petroleum ether fraction, extracted from the infected 
tissues of resistant bean hypocotyl before lesion developiïïsnt, 
retarded the growth of R. solani in vitro more effectively than 
did a similar extract from a susceptible hypocotyl. The anti­
fungal material contained in the extract was regarded as 
phaseollin, because of agreement of ultraviolet absorption 
maxima and extinction coefficient found for this phytoalexin 
with that reported for phaseollin by Cruickshank and Perrin 
(10), and Perrin (39). They have suggested direct significance 
of phaseollin with disease resistance in snap bean. 
Hadwiger and Schwochau (21) have proposed induction hypoth-
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esia for pisatin production in pea pod as a result of patho­
genic infection. Phaseollin also may have a similar mode of 
induction as this phytoalexin is structurally related to 
pisatin. These phytoalexins are isoflavonoids and have the 
same basic chromanocoumarane skeleton structure. Therefore, 
various factors may act as inducing agents that activate 
(de-repress) genes responsible for phaseollin biosynthesis. 
In the resistant reaction, Rhizoctonia metabolites may induce 
phaseollin biosynthesis at the early stages of infection. 
According to the studies conducted by Pierre and Bateman 
(38)» phaseollin is not detected outside the lesion area. 
Lesions become restricted in the resistant bean hypocotyl both 
, in T\ujnber and size as a result of rapidly increasing phaseollin 
production within 10 to 12 hours of infection. Although the 
level of phaseollin production in the susceptible host may 
eventually approach that of the resistant, this level is 
reached so slowly that the quantity at any particular time is 
not sufficient to appreciably retard the growth of the pathogen. 
In other words, the induction and distribution of phaseollin in 
the two types of host responses may be regarded as a time 
dependent phenomenon, 
PAL activity and phaseollin production were detected in 
extracts of infected root tissues of resistant bean, PAL and 
phaseollin were either synthesized in the root in response to 
Rhizoctonia metabolites or were activated in the hypocotyl and 
translocated into the root upon infection. Since phaseollin has 
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not been detected outside the lesion area, it is unlikely that 
this phytoalexin is translocatable. The high phaseollin con­
tent in the extract of infected root of resistant cultivar may 
suggest that its synthesis is initiated in the root system by 
Rhizoctonia metabolites. This type of host response was not 
observed in the susceptible bean » 
The term resistance, in earlier studies by Bateman and 
Lumsden (5)» implied restriction of Rhizoctonia lesion with 
lignification and age of bean seedlings. However, there is no 
report in literature on the effects of Rhizoctonia on mature 
host. Results of this study, using host-pathogen combination 
reported earlier (3, 4, 5» 33i 34), showed that growth of 
susceptible plants was retarded in Rhizoctonia infected soil. 
The presence of phytotoxic growth inhibitors in the infected 
tissues was indicated by Avena coleoptile tests. Growth inhib­
itors ,found under similar circumstances, were reported to be 
of fungal origin (i, 45). Field studies indicated this growth 
retardation could be of economic importance when susceptible 
oultivars are grown in Rhizoctonia infested soil. 
The PPO systems were activated prior to lesion development 
in bean hypocotyl and the enzyme activity was extremely high 
inoculated resistant seedlings. This activity parallels the 
high level of protein content in the resistant bean hypocotyl 
after Rhizoctonia infection. Such an increase in protein 
content cannot be explained as entirely due to the growth of 
the pathogen. It is suggested that part of this increase in 
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protein may be a result of host-pathogen interaction. 
Increased protein synthesis has been implicated with resistant 
reaction according to Von Broembsen and Hadwiger (51)» 
Rhizoctonia metabolites may cause the host to initiate high 
enzyme synthesis which in turn may 'unmask' the latent PPO 
systems and other resistance mechanisms. The activated PPO 
systems may interfere with the enzymatic degradation of the 
host cell wall by the pathogen or may release fungitoxic com­
pounds in and around the infection sites. Association of PPO 
systems with disease resistance of plants has been reported by 
investigators (4, 13, 33). 
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SUMMARY 
Several P. vulgaris cultivars were evaluated for resis­
tance to R. solani in greenhouse, growth chamber and under 
field conditions# Differences in host response to seed infec­
tion, pre-emergence damping-off, and hypocotyl lesion formation 
were also determined in this study. Black-seeded cultivars 
with purple hypocotyls were most resistant to seed infection 
and pre-emergence damping-off, but varied in resistance to 
lesion formation. Lesions on hypocotyls of resistant cultivars 
were superficial, had water-soaked appearance, and were less 
than 1 mm long. In comparison, white-seeded cultivars, 
generally, were susceptible to both seed infection and pre-
emergence damping-off. The lesions formed on hypocotyls of 
these cultivars were deep, brick red, and up to 7 mm long. 
Chromatographic and spectrophotometric analyses and 
bioassay were conducted to detertnine physiology of resistance 
to R. solani in P. vulgaris» The presence of R. solani in soil 
delayed germination and emergence of most white-seeded culti­
vars, but not the resistant black bean. Bioassay of root 
extract of infected susceptible bean indicated that components 
of this extract had phytotoxicity t'o emerging seedlings. 
Phytotoxic substances were not detected in the root extract of 
resistant seedlings. 
The seed-coats of most white-seeded beans cracked readily 
prior to emergence and bioassay of the substances released 
showed growth promoting activity to R» solani. The seed-coats 
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of resistant black-seeded cultivars, on the other hand, adhered 
tightly to the cotyledons. Extracts of these seed-coats 
showed phenolic properties and inhibited growth of R, solani. 
Physiology of seed-coat and extent of exudation influence the 
level of pathogenic activities of R. solani, Rapid germination 
and speed of emergence are factors usually associated with the 
black beans most resistant to Rhizoctonia infection. 
Biochemical analyses of infected tissue extract showed 
differences in physiological response between resistant and 
susceptible cultivars during various stages of lesion develop­
ment. Increase in protein synthesis and polyphenoloxidase 
activity were observed before appearance of lesion in the 
infected tissue extract of the resistant cultivar. The increase 
in protein synthesis by host at this stage may 'unmask* the 
latent polyphenoloxidase systems "id activate other resistant 
mechanisms. The high polyphenoloxidase activity may interfere 
with cell wall degradation by the pathogen or may be responsible 
in releasing fungitoxic substances in and around the infection 
sites. High phenylalanine ammonia-lyase activity was associated 
with an increase in phaseollin production. The increased 
phaseollin synthesis rapidly restrioted lesion development on 
hypocotyls of resistant cultivars prior to the young stage of 
lesion development. The resistant response was not initiated 
in the susceptible tissues until the lesions started maturing 
on the hypocotyls. Resistance to hypocotyl lesion formation 
depends on the activation of phenol metabolism during the early 
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stages of Rhizoctonia infection. 
Resistance to seed infection by R. solani and pre-
emergence damping-off depended on chemicals in the seed-coats 
and cotyledons, mechanical strength of the seed-coat and level 
of exudation. Rapid germination and speed of emergence were 
associated factors. High phenylalanine ammonia-lyase activity 
and stimulated phaseollin production restrict lesion formation 
on the hypocotyl during early stages of Rhizoctonia infection. 
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APPENDIXI ANALYSIS OF VARIANCE OF DISEASE RATINGS 
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Table A-1, Analysis of variance of disease ratings 
Source do f  • s .s .  M.S. l ip H 
Block 9 7.13 0.79 8.08 
Treatment 70 467,55 6.68 68.16* 
Error 630 62,30 0.098 
Total 709 536.98 
*#ighly significant at O.OO5. 
